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Abstract 
In this paper are considered a computational model, method and system of Modeling of Computational Systemic Deep Mind. 
This system is capable to operate under uncertainty, without the use of human intelligence and generate inferences, expressed in
internal and external languages of representation of these reasoning. The use of this system is oriented on the introduction in the 
Complex Adaptive Systems as a plug-in, enabling these systems to be self-organized and operate computationally, intellectually,
autonomously, systemically, in real time, in the inhomogeneous subject areas and in unknown in advance situations and scenarios
of processing. These possibilities are realized in proposed system by the processes of computational of Perception, Reasoning, 
Systemic Thinking and Cognition, using our self-developed methods of application of principles of Systems Approach and 
Situational Control, main aspects of Fuzzy Logic, Linguistics, Computational Mind, Cognitive Science and of methods of: a) 
Perception the reality of environment, b) Situational Fuzzy Control of data, information, knowledge, objects, models and 
processes, c) Representation, Generalization and Explanation of Knowledge, d) Fuzzy Inference, e) Decision making, f) 
Intelligent User Interface, g) Control of Dialogue, h) Reasoning and Systems Thinking, and  i) Cognition, using these methods 
systemically and at whole. 
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1. Introduction 
The article suggests a method, a model and a System of Modeling of Computational Systemic Deep Mind
(SMCSDM), with focus on adaptation of them in the Complex Adaptive Systems as a plug-in and implementation of 
the Computational Systemic Deep Mind properties and features in conditions of uncertainty. These properties and 
features are modeled by the functions of Computational Brain System, System of Computational Cognition,
Computational Nervous system, Knowledge Discovery system and Cyber-physical sensory Computational System 
(Fig. 1), which are the subsystems in SMCSDM. 
Fig. 1. System of Modeling of Computational Systemic Deep Mind. 
These functions are implemented by our self-developed computational methods of modeling of the: a) cognition, 
b) fuzzy reasoning and systems thinking, c) perception of languages and objects of reality, d) identification, 
classification, transformation, memorization, actualization of the semantic objects and models, e) fuzzy inference, f) 
decision making, g) control of dialog between systems and humans, h) representation, generalization and explanation 
of knowledge, i) situational fuzzy control of processes, organized by intelligent user interface, j) situational control 
of data, information, knowledge, objects and models, k) memory organization, and l) sensitivity and emotions.  
These methods and methods apply the principles of the systems approach and situational control, as well as the 
main aspects of fuzzy logic, linguistics and cybernetics, which enables this system to be self-organized and operate 
computationally, intellectually, autonomously, systemically, continuously in real time and in advance unknown 
situations.  
Fig. 1 and (7) in the following paragraphs describe the computational model of adaptation of SMCSDM as a 
plug-in in Machine Learning system. 
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According to Computational theory of Mind4 the objects of reality should be interpreted and mentally presented in 
a computer in form of language of thought, expressing their structures, models, algorithms of processing, regularities 
and features of these objects. According to the Cognitive Science4 the Brain is serving to control and coordinate the 
mental and physical actions by means of a Nervous system.
In context of this article the SMCSDM displays the Properties, which are generated by continuous activity of the 
computational Brain system, using its computational Nervous system (Fig.1). 
In this connection, the Properties of SMCSDM define the state and the level of development of the computational 
artificial Brain.
Thus, the main task of creation and self-development of SMCSDM consists in development of the models and 
methods of: (a) interpretation of the objects, phenomena and their properties of reality, using their outer
representations, perceived from natural language (NL), via texts, devices of the senses, hearing, smell and others, (b) 
extraction and actualization of conceptual meaning of the objects, phenomena and their properties of  reality in 
internal machine representation, in the form language of thought, and (c) synthesis by reverse transform of these 
objects, phenomena and properties of reality from their internal representation of language of thought into their 
external representation on NL, by way of reproduction texts, signals, images, senses, hearing, smell, graphics and  
others. 
2. Conception 
Uncertainty defines the current states of knowledge of the object and its fuzzy environment in an emergency 
situation, where their properties, structure, origin, nature, method for producing and sequence of processing of this 
object in the environment are not known beforehand and is required an analysis in real time for computational 
cognition of these states. 
The Reasoning [7] is the process of using existing knowledge to draw conclusions, make predictions, construct 
generalizations and explanations, using deductive, inductive and other methods for gaining new knowledge and 
parcels using the Situational Knowledge Control [8], Modeling of Fuzzy Inference [9] and a Decision making [8] 
under uncertainty. 
The Systemic Thinking [7] is a process of: a) generalization of results, obtained by the group of active processes 
of Reasoning, based on methods of applying of Systems Approach [6] and Situational Control [5] and principles 
under uncertainty and Fuzzy Environment, and b) detecting and predicting the behavior of the system by modeling 
of the process of systems thinking [10], actualization his current state, enhancing its stability, viability, integrity, and 
providing its interaction with other its surrounding systems. 
The Perception is the process of obtaining a knowledge from a data and information, including the properties of 
environment and its objects with the use of process of Systems Thinking for the purpose of Cognition a data and an 
information, generalization, actualization and memorization (storing) their state in their repositories in continuous 
real time. 
The Cognition is concidered to be a continuosly in real time process of Perception of objects in their reality, 
implemented by the process of Systems Thinking to the current unstructured and related previously stored data, 
information and knowledge, using the proper hardware and software, related to the sense of  of sight, hearing, taste, 
touch, and more, with the objective to generate new data, information and knowledge. The method to be applied in 
this case is the Systems Thinking process, which involves and combines the processes of Perception, Cognition, 
Situational Fuzzy Control and also a Computational Artificial Nervous System (conductor of decisions), Sensory 
systems of perception of objects of reality and system of assessing of the surounding impacts on these processes and 
systems. 
The computational Consciousness is defined by us as a property, created as a result of computational activity of 
the computational Brain, which is a self-assessment of the degree of truth of the perceived objects of reality. 
In these circumstances, Cognition refers to knowledge acquisition process under uncertainty of objects in fuzzy 
environment using processes of SMCSDM. 
The process of SMCSDM displays the Properties, which are generated by continuous activity of the system of 
computational artificial Brain (system of Computational of Systems Thinking, generator of decisions), realized via 
the processes of Perception, Cognition, Situational fuzzy Control and also supported by Computational Nervous
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system (conductor decisions), Sensory systems of perception of objects of reality and system of assessing of the 
surrounding impacts on these processes and systems. 
3. Analysis 
The proposed method and model of SMCSDM are essentially differentiated from the existing models and 
methods in a way, that the modeling processes of Deep Mind are operating: systemically under uncertainty, with no
support of human intelligence, in unknown in advance situations, in not pre-programmed scenarios and behavior 
strategies of objects, to be processed by integrating all the methods we have developed, including the methods of 
application the principles of Systems Approach  and Situational Control, and the main aspects of Fuzzy Logic, 
Linguistics, Cybernetics, Computational Mind and Cognitive Science. SMCSDM method uses our method of a  
Repository Knowledge in the form of a growing dynamic structure of the semantic network of fuzzy frames, which 
contain elements of data, information and objects and which are analyzed,  actualized and are used by our methods 
of: (a) Situational Control11,14 of data, information, knowledge, objects, models and processes, (b) Perception of 
languages and objects of the environment, (c) Representation7, Generalization17 and Explanation13 of Knowledge, 
(d) Fuzzy Logic Inference9, (e) Decision making and Planning decisions8, (f) Intelligent User Interface12, (g) Control 
of Dialogue16 and communications with users and systems,  (h) Reasoning7 and Systems Thinking10, and (i) 
Cognition. With this approach the uncertainty and unpredictability of situations, states of objects and impacts of 
environment on them becomes certain, predictable and self-regulating. 
There are lots of existing ideas, methods and algorithms for resolving a problem of Computational Mind. For 
example:  
x 18 presents the philosophical approach to the problem of modeling a computational Mind through the use of 
simple phrases of natural language as mental symbols, which represent the language of thought (proposed J. 
Fodor4) and which are processed by a Turing machine for implementation of mental computing meaning of these 
phrases, using prospective formal-syntactic properties of these characters. This philosophical approach uses the 
preassigned symbolic data structure and the processing rules of this structure are specified in advance. Thus, the 
data, process of their processing and the situations in which they processed are known in advance.
x 19 offers the model of tool for the design of a Brain intelligent system and model, based on a hierarchical data 
structure, which is integrated into the architecture of computing modules and procedures for generating concepts 
and images from artificial intelligence, control theory, signal processing, and decision theory. The model of the
Brain is not an open model, because its structure and the process of processing scenarios are specified in advance 
without a use a situational control and a systems approach, which leads to a use of natural intelligence for 
redesigning of the model and structure in situation, when they have changed.
x 21 explores the solution of problems: a) inference of the cognitive brain networks from a neurophysiologic and 
data imaging, b) inference of cognitive mind networks-interactions between the mental process such as attention 
and working memory, based on the cognitive and behavioral experiments, and c) a discovery of the general 
dynamic principles for cognition, based on the dynamic models. The paper considers only the possibility of 
solving the third problem, which provides the bridge between the solutions of the first two problems, and not 
offered a computational model, a method and a system, which are capable to solve this problem.
As opposed to our suggested approach, the described above (and other) methods, models and systems operate 
with the use of human intelligence under uncertainty, since these models and systems are static (are not changed in 
continuous real time), the script of processing is given beforehand, the models are not based on the principles of the 
system approach and situational control, and the natural languages and objects of reality are not represented in 
computer on language of thought.
Thus, the comparative analysis of these and others works, associated with our work shows, that our approach is  
holistic, integrated, systemic and linguistic approach to the problem of modeling of Computational Systemic Deep 
Mind under uncertainty, using the developed methods of application of principles of Situational Control and 
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Systems Approach, main aspects of Fuzzy Logic, Situational Control, Linguistics, Cognitive Science and developed 
by us methods and technologies of Situational Control of fuzzy data, information, knowledge and Objects, 
Perception and Cognition of the objects of the reality, Representation, Generalization and Explanation of 
Knowledge, Fuzzy Inference, Decision making, Planning of Decisions, Reasoning, modeling of Systems Thinking, 
and organization of Communication with users and systems in inhomogeneous subject areas with using the diverse 
natural and machine languages. 
4. Methods, Models, Modules and Processes 
This section provides a brief description, designed by us, of a dynamically changing memory structure, models, 
methods, modules and processes that determine a holistic new model, a new method, a new functionality and a new 
SMCSDM. 
4.1. Memory organization. 
The memory model10, graphically displays dynamically changing structure of hypothetical convex polyhedron, 
displaying a growing network of interrelated computational semantic frames, each of which is an integrated set of 
semantic codes, each of which identifies a group of atomic objects (up to the level of the elementary symbol). Each 
face of the polyhedron and secant plane are described by the generalized linguistic variable containing a group of 
interconnected fuzzy variables containing properties and values of membership functions of fuzzy logic, related to a 
specific category of language and of the subject area. Each edge defines the relationship between the fuzzy variables 
in related generalized linguistic variables, and values of these variables determine compatibility of the related 
language and subject area. Each vertex defines the concept, which is defined by a plurality of interrelated fuzzy 
variables, the values of which establish the same meaning of the term in related languages and subject areas. Each of 
these objects is represented on one internal machine language and its external representation is reproduced in 
particular language by procedures of their processing. The content of memory model is actualized and memorized 
continuously in real time on internal and external levels of processing their data, information, knowledge and objects 
using the system of Situational Fuzzy Control System11. The results of this work are used by the processes of 
SMCSDM for execution of its own functionality. 
4.2. Computational Model of Module of Computational Systemic Deep Mind. 
1) The Computational Sub model of Module of Situational Control5 is presented in (2) as 
!  )::(
,,
IQQSC l
wux
ji    (1),
where: iS - is a previous complete mental state of SMCSDM in the previous mental situation, jQ - is a current
mental state of SMCSDM in the current situation, lQ - is a new mental state of SMCSDM in the new situation, 
I - presents a generated compositional rule, which converts the model and the SMCSDM into new mental state
in situation, x and w - are designations of influences, which are, respectively, available and unavailable for 
measurement in fuzzy environment, u - is a resultant targeted control action (decision), which is expressed on 
language thought and is generated by the system of Situational Fuzzy Control to bring SMCSDM to a new mental 
state and to a new mental situation.
2) The Computational Sub model of Module of Situational Fuzzy Control linguistic and theme data, information, 
knowledge, objects, models and processes under uncertainty and Fuzzy Environment is presented in10,11,14 as 
!  )::(,,,
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G
n    (2),
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where: 
        a)  ),,( Yn
Z
n
D
n
G
n GGGA                                        (3)  
is a computational model of a mental Concept8 (of generalized linguistic variable), which defines dictionary entries 
of linguistic and thematic objects in generalized thesauri, where: 
Z
n
D
n GG , and
Y
nG , respectively, define segments
of accumulation of linguistic and thematic data, information, knowledge and objects in the generalized thesauri,  
        b)  ),,,( Nn
Y
n
Z
n
D
n
G
n ARRRK                                      (4)  
is a computational Model8 of Systemic Knowledge Module of fuzzy modelling of knowledge and situational fuzzy
control by the Concepts
N
nA (modulated indicators, generalized linguistic variables, generalized situations) using of 
inhomogeneous linguistic and thematic data, information, knowledge, objects, models and processes, organized and 
processed on declarative, procedural and transformative levels of fuzzy modelling of knowledge, where: 
Z
n
D
n RR ,
and
Y
nR , respectively, define the mental compositional rules (8) of modelling of linguistic, thematic and  mental
data, information, knowledge and objects,  
        c)  ),( wxuF                                                      (5)  
is an objective function, which defines in (2) the objectives of modeling and situational fuzzy control linguistic, 
thematic and mental data, information, knowledge, objects, models and processes.  
Thus, using of the considered above computational models of Memory organization, (1), (2) and described  
computational models of Fuzzy Inference9, Decision making8, Representation7, Generalization17 and Explanation13
of Knowledge, Control of Dialogue16, Communication with users and systems on basis of Intelligent User 
Interface12, Perception objects of reality and Cognition, leads to model (6).  
3)  Computational Model of Module of Computational Systemic Deep Mind:
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where:  
        
G
nA is a computational model (3), 
        
G
nK  is a computational model (4), 
        
G
nF  is a computational model of Systemic target mental function, 
        )::(
,,
IQQS l
wux
ji   is a computational model (1) of  Systemic Situational Control,
         
Y
RP  is a Cyber-physical module, 
        
F
RP is a module of generation of Systemic target compositional rules and  Situational Fuzzy Control  
actions of actualization, coordination, communication processes, 
        
L
RP  is a module of computational Systemic Fuzzy Logic Inference, 
        
Z
RP is a module of computational Systemic Presentation, Generalization and Explanation of Knowledge, 
        
D
RP is a module of computational Systemic Fuzzy Control of Dialogue and Communication with users and 
systems, 
        
M
RP is a module of computational Systemic of Decision making and Planning decisions, 
        
T
RP  is a module of computational mental Systemic Reasoning, 
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H
RP is a module of computational mental Systemic Thinking, 
        
C
RP is a module of computational mental Systemic Cognition, 
        
O
RP is a module of computational mental Systemic Consciousness. 
4)  The model of adaptation of SMCSDM in Deep Machine Learning system.
According to20, the Machine Learning addresses the question of how to build computers that improve themselves 
automatically by experience. In this connection, in this article is considered an applied model adaptation (7) of 
system of Computational Systemic Deep Mind (6), for example, in the intelligent system of the Systemic Deep
Machine Learning. This system of Systemic Deep Machine Learning comprises of the embedded in each other of 
the functions, respectively of  Productivity 
RPmin, Experience 
TEmax , Tasks 
S
nT , as well as the functionality of the 
Computational Model of System of Computational  Systemic Deep Mind (6), where: R - is a function of computing 
of Productivity of both systems, with the value, which seeks to min,  T - are a variety of Tasks, which are involved 
in processes of both systems, with value of their Experience of work, which seeks to max, S - are a variety of 
Subject Areas (domains), in which the both systems are operating. Thus, the applied model of Systemic adaptation
(Fig. 1) as a plug-in of SMCSDM in applied Complex Adaptive System, which is a system of Systemic Deep
Machine Learning, is defined as 
! )))((( maxmin P
S
n
TR TEP                                                     (7).  
4.3. Modeling of Computational Systemic Deep Mind.
The process of Modeling of Computational Systemic Deep Mind consists of embedded in each other 
computational processes of modeling of knowledge, fuzzy logic inference, decision making, planning of decisions, 
fuzzy control, dialogue control, reasoning, systems thinking, perception, cognition and consciousness. These 
processes are implemented with using of the process of systemic situational control of data, information, knowledge 
and objects, where the result of the previous process of modeling is the source of the next process. So the method of 
modeling is the same for all the processes, with the difference, that each objective function determines the objective 
of modeling according of SMCSDM’s functional requirements during its functioning.  
The Computational Systemic Deep Mind represents Properties of Computational artificial Brain, generated by 
work of its procedures. The result of this work is a vector of values of internal and external output fuzzy variables 
m
k
i
k Vb  , obtained by using a new vector of the values of the input fuzzy variables 
m
k
i
k Ua  , which used by these 
procedures to bring the model and the SMCSDM in the new state (in accordance with the situation at the current 
time) by means of method of determination of fuzzy matching in a fuzzy modeling of relationships ijkXijkR (Fig. 2), by 
using of compositional mapping rules (8), objectives (5), constraints, associations and measures of opportunities
)/( '
mijm
q
aaPoss  , presented in (9). 
Fig. 2. Diagram of a fuzzy matching in a fuzzy modeling of relationships in SMCSDM.
   These procedures of modelling of Computational Systemic Deep Mind are implemented on the declarative,
procedural and reformative levels of modelling of Deep Mind by means of commutative mapping verbal and 
numerical values (the estimates) of membership functions )( ijkXijk
q
R RP  and relationships ijk
X
ijkR  in a fuzzy 
relationship of modelling, presented in [5] through of the diagram of modelling Leibniz (Fig. 2), where: the fa ,
fb are respectively mappings, defined by matrices of verbal and numerical estimates of membership functions
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)( ijkXijk
q
R RP and relationships ijk
X
ijkR , the A ,
'A - are, respectively, previous and new states of the model of 
environment,  the B , 'B - are, respectively, previous and new states of the model of SMCSDM, associated with the 
states of the environment, the fT , fQ - are operators of transformation of the models A, 'A into the models B ,
'B , using of  Knowledge Modules (4) of fuzzy modelling and fuzzy control by the Concepts NnA in model (2) of 
situational fuzzy control of data, information and knowledge,  and f - are frames qLijk) of modelling of 
Computational Systemic Deep Mind.  
     Under the fuzzy matching of sets we mean the action, performed by procedures with the frame lk
m
k
q
L VUijk l) :
, which generate the matching of base fuzzy sets 
m
kU and
l
kV  in SMCSDM. This matching of base fuzzy sets is 
implemented by using of compositional mapping rules
q
L
q
A
q
B ijkijkLijkL
XX ) $)()( PP                                                    (8).  
where: )(XqB
ijkL
P , )(XqA
ijkL
P  are respectively, the resultant and initial membership functions in the considered 
generalized fuzzy relation ijkXijkR , }{ ijkxX   is a vector of the discrete domain of definition of resultant and initial 
membership functions, $ - is a sign of the computational mapping, qLijk) - is a fuzzy matching in the procedure of 
Computational Systemic Deep Mind,
ijkL
A ,
ijkL
B - are the inhomogeneous multi-dimensional fuzzy sets, ijkL - are the 
inhomogeneous distributive lattices of measurement intervals of the domains of definition of considered 
membership functions, q - determine the levels of representation of the data, information and knowledge in memory, 
respectively, on levels of  RX-codes, USK - Universal Semantic Code and SF -Semantic Frames, i, k, m = (1, n). 
The degree of conformity of the numerical, verbal, mental and other estimates of concepts x from X are determinate 
by fuzzy sets })(,{ AA xxA DPD t  and by relations })(,{ RR xxR DPD t  on all of the levels of modelling
of Computational Systemic Deep Mind and establishing the values of D - levels for DA and DR (in the  certain and 
various distributive lattices  L , “nearest” to the top of the curves 
AP and RP  at each of considered levels of 
modelling of Systemic Deep Mind), which leads (using 
O
RP in (6)) to unit all of “tops” D - slices and to the 
formation of the resulting fuzzy set of unique (generalized) and relevant data, information, knowledge and objects, 
characterizing the reached level of Systemic Deep Mind. Then, 
          )/()(()( '
mijm
q
Ij
q
ijkLAKkPp
q
ijkLB
aaPossXX

 PP                                                  (9)  
determines the  compositional mapping rules (8) in process of creation properties of Computational Systemic Deep 
Mind , implemented with using measures of opportunities )/( '
mijm
q
aaPoss on q levels of modelling data, 
information and knowledge. 
Thus, the result of modeling of Computational Systemic Deep Mind is a multidimensional generalized rule - 
relationship of (a generalized computational frame) )ijkR  with a domain of values
}{}{: ijk
ijk
x
ijkijkR Lx o
)P . This rule 
is the relation, that determines a distributed chain of parcels )
ijkR
P at levels of internal and external representation, 
modeling and processing knowledge and each of these parcels is forming a group of (computing) values. The 
technology of modeling of Computational Systemic Deep Mind is implemented by way of using the developed by us 
methods of application of situational control, systems approach and procedures (constructions) of fuzzy logic 
inference, decision making, Systems Thinking and Cognition, which are realized by Module of Knowledge (4). The 
computer representation of one of computational rules (9) of resolving lexical ambiguity in the process of modelling 
Systemic Deep Mind is given in10 by (10), Fig. 3 (a, b). This process is functioning on the external and internal
levels of representation and modelling of Deep Mind, using multivariate generalized matrices, obtained from model 
of semantic network of computational frames, organized in memory of the system of Systemic Deep Mind.
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IF )(( 44  xyzxyz PK AND ))(
qq  xyzxyz KL THEN )((
q xyzxyz II AND )((
q xyzxyz JJ                                     (10). 
     This rule (10) is interpreted by the computational model of the Module (4) for example, as follows: if two words 
are included in sentence in both languages and the code of right compatibility of word, located to the left of a group 
of two words in another language is equal to conceptual code of the word, located to the right of a group of two 
words in the output language and the code of left compatibility of word, located to the right of a group of two words 
in the output language is equal to conceptual code of word, located to the left of a group of two words in input
language, then these pairs of words of input and output languages correspond and are identical each to other at the 
level conceptual disambiguation in machine translation process. Through of using in a similar way of compositional 
rules of grammar, morphology, syntax, logical, psychological and other compositional rules and analyzing of 
languages, images and signals of reality we are implementing modelling of Computational Systemic Deep Mind,
represented on internal and external levels of perception and cognition of objects of environment under uncertainty.  
Fig. 3. (a) External; (b) internal levels of modelling of Computational Systemic Deep Mind.
The result of work of the modules (4), (6), (9), (10) and (8) is a relationship xyzR , which comprises the relevant 
syntactical, grammatical, logical, semantic, psychological and pragmatic data and information, which correspond to 
the situation at the current moment of resolution of the ambiguity and maps the objects of reality on language of 
thought in the internal and external levels of their representations in memory, perceptible by people, devices, 
systems and processes for subsequent processing.  
5. Conclusion 
The proposed approach allows to compute the deep mind as a property, obtained by the activity of Computational 
Brain System, System of Computational Cognition, Computational Nervous System, Knowledge Discovery System 
and Cyber-physical Sensory Computational System under uncertainty by applying of our developed computational 
models and methods of computational perception, cognition, representation in memory the objects of reality in form 
of language of thought, processing of these objects and synthesis of them in form of external (linguistic) level of 
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representation, with application of the principles of systems approach and situational control, and of the main  
aspects of linguistics and fuzzy logic.  
We presented a new model and a new method of creating a new system of Modelling of Computational Systemic 
Deep Mind, which is oriented on introduction as a plug in the Complex Adaptive Systems (CAS) (which can be: 
robots, spacecrafts, unmanned productions, components  of military affairs, design systems, systems of deep 
learning and self-study, intelligent and autonomous search engines and other), allowing to these systems to inherit 
the properties of intelligence and an opportunity of functioning computationally, systemically, adaptively, 
autonomously and continuously in real time, under uncertainty, in unknown in advance situations and to be self-
regulating and self-organizing. 
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